More than 100 isolates of a Gram-stain-negative, curved rod-shaped, so far uncultured bacterium were isolated from chicken caecal content. The strains were obligate anaerobes which formed endospores. They were catalase-positive, cytochrome-oxidase-negative and did not hydrolyse aesculin. The detected predominant metabolic end product in reinforced clostridial bedium broth was acetate. The DNA G+C content was 62.2 mol%. The cell fatty acid composition was dominated by C 15 : 0 iso , C 15 : 0anteiso , C 16 : 0 , C 13 : 0 iso , C 14 : 0 iso and C 16 : 0DMA . Analysis of the 16S rRNA gene sequences of the novel isolates showed 99 % similarity to each other. Phylogenetically they are placed in Clostridium cluster IV. They exhibited 99 % 16S rRNA gene sequence similarity to uncultured bacterial clone SJTU_C_03_83 (GenBank accession no. EF404038.1) and to three other so far uncultured strains. The closest related type strains, Hydrogenoanaerobacterium saccharovorans SW51 T and Anaerotruncus colihominis WAL 14565 T , exhibited a 16S rRNA gene sequence divergence of at least 8 % to the newly described isolates. In addition, morphological and biochemical characteristics allowed differentiation of the novel isolates from these and other related and validly published species, including Clostridium methylpentosum and Acetanaerobacterium elongatum. Therefore, a new genus, Harryflintia gen. nov., is proposed for the isolated hitherto unknown strains with V20-281a T (=DSM 100433 T =CECT 8892 T
T , exhibited a 16S rRNA gene sequence divergence of at least 8 % to the newly described isolates. In addition, morphological and biochemical characteristics allowed differentiation of the novel isolates from these and other related and validly published species, including Clostridium methylpentosum and Acetanaerobacterium elongatum. Therefore, a new genus, Harryflintia gen. nov., is proposed for the isolated hitherto unknown strains with V20-281a T (=DSM 100433 T =CECT 8892 T ) as the type strain of its type species, Harryflintia acetispora gen. nov., sp. nov.
Various studies have been carried out to characterize the bacterial diversity in chicken caecum. It has been shown that the chicken caecum is colonized by 10 10 to 10 11 bacteria per gram content (wet weight) (Salanitro et al., 1974; Apajalahti et al., 2002 Apajalahti et al., , 2004 with about 10 000 endosporeforming anaerobes per gram of faeces (Elam et al., 1954) . The majority of these bacteria remain unidentified (Lan et al., 2002; Bjerrum et al., 2006) and uncultured (Salanitro et al., 1974; Lan et al., 2002) . However, to decipher the relationship between members of the caecum microbiota as well as the host-microbe interactions, cultivation and detailed characterization of as many species as possible is necessary. To rely on metagenomics and metatranscriptomics alone will not be sufficient to reveal the complete picture of microbial activity. Therefore, as a contribution to the ongoing cultivation efforts, we attempted to isolate heatresistant members of the poultry caecum microbiota.
During this effort, approximately 120 hitherto unknown isolates with similar matrix-assisted laser desorption timeof-flight MS (MALDI-TOF MS) spectra (data not shown) were isolated from a pool of caecal contents of three 35-day-old commercial broiler chickens using a protocol modified from Goodman et al. (2011) . Cells were investigated by light field microscopy (Leica DMLB) and scanning electron microscopy (DSM 940; Zeiss). Sample preparation for electron microscopy was performed according to SayedAhmed (2011) after suspension of colonies, which had been grown on reinforced clostridial medium (RCM; Sifin), in 2.5 % glutaraldehyde cacodylate. Sporulation ability and cell-wall composition were examined with Rakette and Gram staining.
Strains were phenotypically characterized using strict anaerobic conditions according to standard protocols (Dowell & Hawkins, 1974; Holdeman et al., 1977) and an incubation temperature of 37 C. All tests were carried out with up to four randomly selected isolates. Various commercial culture media were tested for growth of these new isolates in an anaerobic workstation (N 2 /CO 2 /H 2 ; 80 : 10 : 10). Temperature and pH range for growth were tested by cultivation in Hungate tubes (N 2 /CO 2 /H 2 ; 80 : 10 : 10; Linde) filled with 10 ml RCM. The pH was adjusted with NaOH (2 M) and HCl (3.7 %). Growth was measured photometrically (600 nm).
Biochemical tests were primarily conducted in Hungate tubes (N 2 /CO 2 /H 2 ; 80 : 10 : 10) with a medium containing reduced amounts of sugars (Table S1 , available in the online Supplementary Material) modified from supplemented TYG broth (Goodman et al., 2009) . Stock solutions of substrates (2.5-10 %, w/v) were added to a final concentration of 20 % (v/v). After inoculation the tubes were incubated for 48 h. Growth was defined by an increase in turbidity at OD 600 and a change in pH. In addition, API 20A and rapid ID 32A (bioMeri eux) systems were used according to the manufacturer's instructions. As a growth control, API 20A suspension medium substituted with 2 % (v/v) D(+) glucose was inoculated with isolate V20-175d and incubated anaerobically. Aesculin hydrolysis was tested with modified bile aesculin agar (Oxoid). This medium contained no bile salts but was supplemented with yeast extract (5 g l ) and glucose (2 g l -1
). Production of short chain fatty acids was detected by GC as previously described (Herrmann et al., 2011 Analysis of cellular fatty acid methyl ester profiles was done as described by Huang et al. (2013) using colonies which were harvested from Columbia sheep blood agar (Oxoid) after anaerobic incubation for 48 h.
The German Collection of Microorganisms and Cell Cultures (DSMZ, Braunschweig, Germany) determined the DNA G+C content (mol%) by HPLC (Shimadzu) according to Mesbah et al. (1989) after DNA purification according to Cashion et al. (1977) .
Three of the isolates were subjected to 16S rRNA gene sequencing. DNA extraction was done with a NucleoSpin Tissue (Macherey-Nagel) device as described by the manufacturer. Direct sequencing of about 1.4 kbp of the 16S rRNA gene was performed by Eurofins using primers 27f and 1492r (Meyer et al., 2012) . Alignment of the obtained sequences was conducted with BLASTN (Altschul et al., 1997) . Phylogenetic sequence analysis was done with BioEdit (Hall, 1999) and MEGA software version 6 (Tamura et al., 2013) . GenBank provided the sequences of the type strains used for analysis. A phylogenetic tree was reconstructed in MEGA via the maximum-likelihood method based on the Tamura-Nei method (Tamura & Nei, 1993) with 1000 bootstrap replications (Pattengale et al., 2009 ).
The 120 isolates were characterized based on identical MALDI-TOF-MS spectra (data not shown). Cells were non-motile, pleomorphic curved rods (0.5 µm in width, 1-15 µm in length; Fig. 1 ). They were observed to be Gramstain-negative and positive in the potassium hydroxide reaction. The cytochrome oxidase reaction was negative whereas the catalase reaction was positive. Central or subterminal spores that caused the cells to swell were occasionally demonstrated by Rakette staining.
RCM (Sifin), Columbia agar with sheep blood (ColSB; Oxoid), standard 1 nutrient medium, CASO medium (Sifin), brain heart infusion medium (Difco) and MuellerHinton medium (Oxoid) supported growth of the strains. Colonies were convex, smooth, entire-edged and shiny, and had a diameter of 1-3 mm after 72 h on RCM or ColSB medium. Colonies on RCM, standard 1 nutrient medium, CASO medium, brain heart infusion medium and MuellerHinton medium appeared ivory to beige, whereas colonies grown on ColSB medium or colonies older than 3 days appeared translucent.
The temperature and pH ranges permitting growth were determined with four randomly selected strains, V20-281a T , V20-175d, V20-86c and V20-150c. Replicate tests of each isolate as well as comparative tests between isolates provided corresponding results. Growth was observed at 20-52 C and at a pH range of 4.0-9.0. Growth optimum was observed at 37-41 C and at pH 7.0-8.5. The API 20A and rapid ID 32A systems failed to provide any positive reactions for strains V20-86c, V20-150c, V20-175d and V20-281a
T . Follow-up investigations indicated that the API system is not suitable as glucose-substituted API 20A suspension medium did not support growth of any of the novel 
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isolates. Substrate utilization tests conducted in triplicate with isolates V20-281a T , V20-175d and V20-86c in supplemented tryptone yeast glucose medium (Goodman et al., 2009) ) by GC as a sole short chain fatty acid end product of fermentation of RCM broth by strains V20-281a
T and V20-175d. No C3-C5 short chain fatty acids were detected. In addition, ethanol was produced by their RCM broth cultures.
Strains V20-281a
T and V20-175d contained similar cellular fatty acids, but they differed in their abundance. Major cellular fatty acid constituents were C 15 : 0 iso (10.5-14.2 %) and C 16 : 0 DMA (8.5-11.2 %) in both strains. In V20-281a T , C 14 : 0 iso , C 13 : 0 iso , C 15 : 0 anteiso and C 16 : 0 were further dominant constituents, but only minor components in V20-175d (Table 2 ). C 16 : 0 aldehyde (11.6 %), C 19 : 0 (9.4 %), C 18 : 0 aldehyde (8.3 %) and C 18 : 0 DMA (8.0 %) were dominant only in strain V20-175d (Table 2 ). Other compounds were detected only in minor concentrations ( 4.7 %).
The DNA G+C content was determined as 62.2 mol% for strain V20-281a T . Almost complete 16S rRNA gene sequences (!1.389 bp) were obtained for strains V20-281a T (accession no. KU999999), V20-175d (KX197889) and V20-86c (KX197888). These sequences were 99 % similar to each other but shared only 92 % similarity with 'Clostridiales bacterium' JN18_V41_S (DQ168656), which was the most closely related cultured strain in the GenBank database. The closest related type strains (92 % similarity) were Hydrogenoanaerobacterium saccharovorans SW512 T (NR_044425), Clostridium methylpentosum R2 T (NR_029355), Anaerotruncus colihominis WAL 14565 T (NR_027558) and Acetanaerobacterium elongatum Z7 T (NR_042930). Fig. 2 depicts the 16S rRNA gene sequence tree of species most closely related to the novel strains. When not limited to cultured type strains, 99 % sequence similarity was found to the uncultured bacterial clones SJTU_C_03_83 (GenBank: EF404038) (Li et al., 2008) , ELU0104-T246-S-NI_000100 (GenBank: HQ785523) (Li et al., 2012) , ELU0013-T78-S-NI_000577 (GenBank: HQ743002) (Li et al., 2012) and 2-002-e6 (GenBank: DQ905060) (Mai et al., 2006) .
Based on 16S rRNA gene sequences, the novel strains are members of Clostridium cluster IV within the class Clostridia and form a significantly compact lineage that is distinct from any so far described type species. In addition to the 16S rRNA gene sequence divergence, phenotypic and biochemical characteristics differentiate the novel isolates from the closest related type species. Of those, Hydrogenoanaerobacterium saccharovorans forms Gram-negative rods as with the new isolates. Hydrogenoanaerobacterium saccharovorans can be discriminated from the novel strains by a lack of spores as well as the ability to ferment arabinose, raffinose and sucrose but not fructose (Table 1) .
Anaerotruncus colihominis, Acetanaerobacterium elongatum and Ethanoligenens harbinense can be differentiated from the hitherto unknown species as they are all Gram-stainpositive and do not form spores. In addition, in contrast to the novel isolates, Acetanaerobacterium elongatum and Ethanoligenens harbinense show motility, utilize several substrates that are not degraded by the novel strains (e.g. raffinose, sucrose; Table 1 ) and hydrolyse aesculin (Chen et al., 2004; Xing et al., 2006) . Anaerotruncus colihominis (Lawson et al., 2004) produces butyrate, does not utilize maltose and has an irregular colony morphology as compared to the novel strains which form circular colonies. Clostridium methylpentosum differs from strain V20-281a T in that it is Gram-stain-positive, has characteristic ringshaped rods and lacks fermentation of any other sugar than D-arabinose, L-rhamnose, L-lyxose and L-fucose (Bergey et al., 2009 ). All the above type species can be differentiated from the novel strains by having a much lower DNA G+C content.
Acetanaerobacterium elongatum (Chen & Dong, 2004) , Anaerotruncus colihominis (Lawson et. al., 2004) , Hydrogenoanaerobacterium saccharovorans (Song & Dong, 2009) , Ruminococcus species (Krause et al., 1999) , Ethanoligenens harbinense (Xing et al., 2006) and Clostridium methylpentosum (Himelbloom & Canale-Parola, 1989 ) are members of Clostridium cluster IV. Members of the class Clostridium and even of cluster IV are highly diverse (Collins et al., 1994) and there are many misclassified species within the Clostridia. Thus, it has already been proposed to reclassify the species of the class Clostridia (Yutin & Galperin, 2013 Description of Harryflintia acetispora sp. nov.
Harryflintia acetispora sp. nov. [a.ce.ti.spo¢ra. L. n. acetum vinegar; N.L. n. spora (from Gr. n. spora a seed) spore; N.L. fem. n. acetispora an acetic acid-producing spore-forming bacterium].
Has the following characteristics in addition to those given for the genus. Cells are curved rods. Colonies are ivory, circular, convex and shiny and reach a diameter of 1-3 mm after 72 h of incubation at 37 C under an atmosphere of N 2 /CO 2 /H 2 (80:10:10). The oxidase test and hydrolysis of urea are negative. The pH range for growth is 6.0-9.0. Temperatures of 20-52 C enable growth. Colonies grow on RCM, standard nutrient 1 medium, brain heart infusion medium, Mueller-Hinton and Columbia sheep agar with sheep blood. The saccharides D(+)-glucose, D(À)-fructose and maltose are metabolized. The main fermentation product detected is acetate.
The type strain, V20-281a T (=DSM 100433 T =CECT 8892 T ),was isolated from chicken caecum. The DNA G+C content of the type strain is 62.2 mol%.
